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Description 

The present invention relates to a crystalline form of N-(trans-4-isopropylcydohexylcarbonyl)-D-phenylalanine and 
to methods for the production of that crystalline form. 

N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine of formula (1) is a known substance having therapeutic 
utility in depressing blood glucose levels. 




N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is disclosed in Japanese Patent Application Laid Open 
No. 63-54321 (equivalent to EP-A-1 96222 and US-4816484) and in J. Med Chem 32, 1436. The Japanese application 
describes how the compound may be crystallised from aqueous methanol to yield crystals having a melting point ot 1 29 
to 130°C. These crystals are in a crystalline form referred to herein as "B-type". The X-ray powder diffraction pattern 
and infra-red spectrum of B type crystals are shown in Figs 1 and 2 respectively. 

The known B-type crystals suffer from problems of instability, especially when subjected to mechanical grinding. 
The instability results, for example, in conversion of the B-type crystals into other forms. The instability of the B-type 
crystals means that they are not ideal for use in medicine. It is in general desirable that a medicinal product containing 
a crystalline active ingredient have a composition which is well defined and stable in terms of the crystalline form of the 
active ingredient. Conversion of one crystalline form into unknown amounts of different, or amorphous, forms during 
processing or storage is undesirable and in many cases would be regarded as analogous to the appearance of unquan- 
tified amounts of impurities in the product. 

The present inventors have discovered a method for producing a crystalline form of N-(trans-4-isopropylcyclohex- 
ylcarbonyl)-D-phenylalanine having improved stability over the known B-type. For instance, the crystals according to 
one aspect of the present invention have enhanced stability to grinding. Such crystals are therefore more suitable for 
use in medicines than those of the B-type. The crystals having enhanced stability have been designated "H-type 1 ' by the 
inventors. 

According to a first aspect of the invention there is provided a method for the production of N-(trans-4-isopropylcy- 
clohexylcarbonyl)-D-phenylalanine comprising treating N-(transr4-isopropylcyclohexylcarbonyl)-D-phenylalanine with a 
solvent at a temperature of at least 1 0°C and forming said crystals in said solvent at a temperature of at least 1 0°C. 

In one embodiment of this method N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is dissolved in the sol- 
vent at a temperature of at least 10°C to form a solution and crystals are then crystallised from the solution at a tem- 
perature of at least 1 0°C. 

Alternatively, N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is combined at a temperature of at least 
10°C with a solvent in which it is incompletely soluble at that temperature, to form a suspension of solid N-(trans-4-iso- 
propylcyclohexylcart5onyl)-r>phenylalanine, and said suspension is maintained at a temperature of at least 10°C. 

According to a second aspect of the invention there are provided crystals of N-(trans-4-isopropylcyclohexylcarbo- 
nyl)-D-phenylalanine as obtainable by the method of the first aspect. 

According to a still further aspect crystals of N-(trans-4-isoprop^cyclohexylcarbonyl)-D-phenylalanine are provided 
which have at least one, and preferably all, of the following properties: 

(a) a meHing point in the range of 136 to 142°C; 

(b) an X-ray diffraction pattern having maxima at approximately 20=8. 1 , 1 3. 1 , 1 9.6 and 1 9.9°; and 

(c) an infra red spectrum having absorptions at about 1714, 1649, 1542 and 1214cm' 1 . Such crystals are desig- 
nated "H-type" herein. 
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Crystals of the second aspect ol the invention desirably comprise enhanced amounts of H-type crystals relative to the 
starling N-(trans-4-isopropytcyclohexylcarbonyl)-D-phenyl alanine. 
In the accompanying ligures: 

5 Fig 1 shows a powder X-ray diffraction pattern of B-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phe- 
nylalanine; 

Fig 2 shows an infra red absorption spectrum of B-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phe- 
nylalanine; 

Fig 3 shows a powder X-ray diffraction pattern of H-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phe- 
10 nylalanine; 

Fig 4 shows an infra red absorption spectrum of H-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phe- 
nylalanine. 

Fig 5 shows differential scanning calorimeter (DSC) traces of: B-type crystals before grinding (Fig 5a); H-type crys- 
tals before grinding (Fig 5b); B-type crystals after grinding. 

15 

As was indicated above one aspect of the present invention provides N-(trans-4-isopropylcyclohexylcaibonyl)-D- 
phenylalanine in H-type crystalline form. Examples of the physical properties of the H-type crystals are as follows. 

The inventors have measured the melting point of H-type crystals and found it to be in the range of 136* to 142°. 
By contrast, when the melting point of B-type crystals was measured by the same technique a melting point of 128° to 
20 131°C was found. 

Examples of powder X-ray diffraction patterns of H-type and B-type crystals may be found at Figs 3 and 1 respec- 
tively. The diffraction pattern of the H-type crystals shows maxima at 29 values of 8.1, 13.1, 19.6 and 19.9° where 20 is 
the angle between the primary beam projection and the diffracted beam. There are no reflections at these 26 values in 
the diffraction pattern of the B-type crystals. The diffraction pattern of H-type crystals also displays strong reflections at 
25 26 values between about 1 5 and 1 7° while the B-type crystals give only weak reflections in this range of 26. H-type crys- 
tals of the present invention preferably display a powder X-ray diffraction pattern substantially the same as that shown 
in Fig 3. 

Table 1 below sets out the principal reflections in the powder pattern of H-type crystals in terms of 20 values and 
intensity. The data were obtained using a Philips PW1700 powder diffractometer and a scan speed of 0.05°/sec. 

30 
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S; strong, M; medium, W; weak 



An example of an infra red adsorption spectrum of H-type crystals, obtained by the KBr method is shown at Fig 4, 
and that of B-type crystals as obtained by the same method is shown at Fig 2. The infra red spectrum of the H-type 
55 crystals is characterised by absorptions at around 1 7 1 4cm" 1 1 649cm" 1 , 1 542cm" 1 and 1 2 1 4cm" 1 . which absorptions are 
not present in the spectrum of the B-type crystals. H-type crystals of the present invention preferably display an infra 
red spectrum substantially the same as that shown in Fig 4. 

The inventors carried out elementary analysis of both H-type and B type crystals and the results are shown in Table 
2. These confirm that the two crystal types have the same chemical composition (C ig H 27 N03) 
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Table 2 
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Calculated data (H- or B-1ype)(%) 


71.89 


8.57 


4.41 


Measured data (H-type)(%) 


71.98 


8.69 


4.33 


Measured data (B-type)(%) 


71.82 


8.66 


4.27 
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H-type crystals are preferably substantially stable to grinding. Stability to grinding may be assessed by measurement 
ol an appropriate physical property before and after grinding. Where the physical property remains substantially 
unchanged substantial stability to grinding is indicated. Suitable physical properties for measurement include melting 
point, differential scanning calorimeter trace X-ray diffraction pattern and infra red absorption spectrum, particularly the 
is X-ray diffraction pattern. 

As mentioned above the first aspect of the invention provides a method for the production of crystals of N-(trans-4- 
isopropylcyclohexylcarbonyl)-D-phenylalanine the method comprising treating N-trans-4-isopropylcyclohexylcarbonyl)- 
D-phenylalanine with a solvent at a temperature of at least 10°C and forming crystals in the solvent at a temperature of 
at least 10°C. 

20 In one embodiment -4-isopropylcydohexylcarbonyl)-D-pheny!alanine is dissolved in the solvent at a temperature o1 
at least 10°C. The solution may be produced by dissolving in a solvent any one or more of amorphous N-(trans-4-iso- 
propylcyclohexylcarbonylJ-D-phenylalanine, B-type crystals of the compound, and solvates of the compound such as 
hydrates, methanolates, ethanolates, isopropanolates and acetonitrilates. 

Crystals may then be formed by crystallisation from solution, the crystallisation from solution taking place at a tem- 

25 perature between 10°C and the boiling point of the solvent. The crystals thus formed generally comprise enhanced 
amounts of H-type crystals relative to the starting N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine. Preferably, 
the product is predominantly H-type crystals. 

The dissolution and crystallisation at a temperature of at least 10°C may be carried out in several ways as will be 
apparent to those of skill in the art. For instance, N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine may be dis- 

30 solved in a solvent, or mixture of solvents in which it is readily soluble at elevated temperatures but in which it is only 
sparingly soluble at lower temperatures (which are still at least 10°C). Dissolution at elevated temperature is, in this 
case, followed by cooling during which the desired H-type crystals crystallise out of solution. Solvents which are suitable 
for use in this way include esters, such as methyl acetate and ethyl acetate, toluene and acetonitrile. Mixed solvents 
comprising a good solvent in which N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is readily soluble, prefer- 

35 ably, in amounts of at least 1 weight % at 30°C, and a poor solvent in which it is more sparingly soluble, preferably, in 
amounts of not more than 0.01% at 30 Q C, may also be employed provided that crystallisation from the mixture at a tem- 
perature of at least 10°C is possble using the selected solvent mixture. 

An alternative way of achieving crystallisation from solution at a temperature of 10°C is to utilise the difference in 
solubility of the crystals in different solvents. For example, N-(trans-4-isopropylcydohexylcarbonyl)-D-phenylalanine 

40 may be dissolved in a good solvent in which it is highly soluble such as one in which it is soluble in amounts of at least 
1 weight % at 30°C and the solution subsequently mixed with a poor solvent in which it is more sparingly soluble, such 
as one in which it is soluble in amounts of not more than 0.01% at 30°C. Thus, the solution of N-(trans -4-isopropylcy- 
clohexylcarbonyl)-D-phenylalanine in the good solvent might be added to the poor solvent, while maintaining a temper- 
ature in excess ol 1 0°C, or the poor solvent might be added to the solution of N-(trans-4 -isopropylcydohexylcarbonyl)- 

45 D-phenylalanine in the good solvent, again while maintaining a temperature in excess of 10°C. Examples of good sol- 
vents include lower alcohols, such as methanol, ethanol and isopropanol, as well as acetone, tetrahydrofuran and diox- 
ane. Examples of poor solvents are water, hexane and diethyl ether. 

Whichever of the two alternative crystallisation methods is employed it is important that the crystallisation temper- 
ature be at least 1 0°C up to the boiling point of the solvent. If the temperature employed is lower than 1 0°C it is not pos- 
se sibfe to obtain good yields of H-type crystals. Preferably, crystallisation is effected at a temperature in the range of 10° 
to 60°C, especially preferably from 20° to 60*0. 

Crystals which have come out of solution are preferably separated from the solvent e.g. by filtration or centrifuging 
and are desirably then dried lor example at a temperature in the range of from 20°C to 100°C. 

In an alternative embodiment of the first aspect of the invention solid N-(trans-4-isopropylcyclohexylcarbony0-D- 

66 phenylalanine is suspended at a temperature of at least 1 0°C in a solvent in which it is incompletely soluble, preferably 
only sparingly soluble, at that temperature. A suspension results in which particles of solid are dispersed, and remain 
incompletely dissolved in the solvent. Preferably the solids are maintained in a state of suspension by agitation e.g. by 
shaking or stirring. The suspension is kept at a temperature of 10°C or higher thereby to effect a transformation of the 
starting solids into product crystals. 
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The solid N-(trBns-4-isopropylcyclohexylcarbonyl)-D-phenytalanine suspended in suitable solvent may be of any 
type, such as amorphous, or in the form of B-type crystals and may be a solvate, e.g. hydrate, methanolate, ethanolate, 
isopropanolate or acetonitrilate. The amorphous powder may be derived by drying a solvate. Preferably, the suspension 
is maintained at a temperature of at least 1 0°C for sufficiently long that the product crystals contain enhanced amounts 

5 of H-type crystals relative to the starting N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine. 

Solvents suitable for use in this embodiment of the invention include water, esters such as methyl acetate and ethyl 
acetate, as well as toluene. Good solvents in which ^(trans-4-isopropylcydohexylcarbonyl)-r>phenylalanine is more 
readily soluble for example in amounts of at least 1% by weight at 30°C, such as lower alcohols e.g. methanol, ethanol 
and isopropanol, as well as acetone, acetonitrile, tetrahydrofuran and dioxane may also be used provided they are used 

10 in combination with a solvent in which N-(trans-4-isopropylcyclohexylcarbonyl)-r>phenylalanine is only poorly soluble 
tor example in amounts ol 0.01 weight % or less, e.g. water, hexane or diethyl ether. Where a mixed solvent is employed 
the concentration of good solvent is generally 70% by volume or less. Where it exceeds 70% by volume the solubility of 
N-(trans-4-isopropylcyclohexylcarbony1)-D-phenylalanine in the mixed solvent would be so high that the yield of desired 
H-type crystals would be disadvantageous^ low. Generally, the use of a mixed solvent gives rise to a favourable result. 

15 Preferably, the amount of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine dispersed in the solvent is from 
0.5% to 30% by weight of the resulting suspension. If it is more than 30% by weight then the slurry properties of the 
suspension are poor and it will be difficult to agitate. On the other hand, it is not efficient in terms of the volume of sol- 
vent required to use less than 0.5% by weight. Preferably the suspension includes from 1% to 15% by weight. 

The suspension is maintained at a temperature from 10°C to the boiling point of the solvent, in general from 20°C 

20 to 70°C. Temperatures below 1<TC do not facilitate transformation of the solids to H-type crystals. The time for which 
the suspension is left before H-type crystals may be collected from it varies depending on the nature of the solvent(s) 
used, the temperature and other factors, such as the quantity of solids in suspension and the size of the solid particles. 

Generally, however, it may be in the range of from 10 minutes to 48 hours. By adding H-type crystals of N-(trans-4- 
isopropylcyclohexylcarbonyl)-D-phenylalanine to the dispersion as seed crystals, the time required to form H-type crys- 

2$ tals may be shortened. The end point in formation of H-type crystals can be determined by sampling crystals from the 
suspension, for example by filtration during the course of the conversion followed by measuring the powder X-ray dif- 
fraction pattern or infra red absorption spectrum of the crystals. 

The H-type crystals as obtained in the manner mentioned above can be separated from suspension by filtration or 
centrifugation. In isolating them, cooling may be effected, if desired. In that case, the cooling temperature is preferably 

30 no lower than 1 0°C. The isolated crystals are dried, for example at a temperature in the range of from 20 to 1 20°C. 

According to another aspect of the invention there is provided a pharmaceutical composition comprising crystals 
as obtainable by the method of the first aspect, in particular H-type crystals, and a pharmaceutical ly acceptable excip- 
ient, diluent or carrier. 

According to a still further aspect of the invention there is provided a method of manufacture of a pharmaceutical 
35 composition comprising mixing an effective amount of crystals as obtainable by the method of the first aspect of the 
invention, in particular H-type crystals and a pharmaceutical^ acceptable excipient diluent or carrier. 

The crystals as obtainable by the method of the first aspect, particularly H-type crystals may be employed in a 
method for treatment of a human or other mammal to depress its blood glucose level comprising administering an effec- 
tive amount of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine crystals. 

40 

Examples 

Embodiments of the invention are illustrated below by way of example only. 

N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine for use in the following examples was obtained by the 
46 method described in Example 3 of Japanese patent application laid open no. 63-54321 . The product contained crystals 
of B-type. 

(A) H-Tvoe Crystals bv Crystallisation from Solution Example A1 

60 20ml of an acetone solution of 5g of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine were added dropwise to 
a stirred mixture of acetone (40ml) and water (60ml) at 25°C. After cooling to 10°C, the precipitated crystals were fil- 
tered and dried at 90°C at reduced pressure overnight. 4.5g of dry crystals were obtained. The crystals had a melting 
point of 138 to 141°C. The powder X-ray diffraction pattern and the infra-red absorption spectrum were measured and 
the crystals were thus identified as H-type. 

55 

Example A2 

N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine (4g) was dissolved in a mixture of ethanol (50ml) and 
water (50ml) at 45°C. The solution was cooled with stirring. H-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)- 
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D-phenylalanine (0. 1 g) prepared in Example A1 were added at a temperature of 37°C and the solution was cooled fur- 
ther to 25°C. The crystals were filtered and dried at 60°C overnight and at reduced pressure. 2.5g o1 dry crystals were 
obtained. The crystals had a melting point of 138 to 141°C. The powder X-ray diffraction pattern and the infra-red 
absorption spectrum enabled the crystals to be identified as H-type. 

5 

Example A3 

N-(trans-4-isopropylcyclohexylcarbonyl)-E)-phenylalanine (0.5g) was dissolved in acetonitrile at 45°C and the solu- 
tion was cooled to 25°C. The precipitated crystals were filtered and dried at 90°C under reduced pressure. 0.48g of dry 
w crystals were obtained. The crystals had a melting point of 138 to 141°C. Their powder X-ray diffraction pattern and 
infra red absorption spectrum were consistent with their being H-type crystals. 

Comparative Example A1 

is The procedure of Example A1 was followed but cooling to 5°C was employed. 4.6g of dry crystals were obtained. 
The crystals had a melting point of 128 to 131°C. The powder X-ray diffraction pattern and the infra-red absorption 
spectrum of the crystals were measured and the crystals were identified as B-type. 

Comparative Example A2 

20 

N-(trans-4-isopropylcyclohexylcarbonyl)- D-phenylalanine (5g) was dissolved in a mixture of ethanol (60ml) and 
water (40ml) at 30°C. The solution was cooled to 5°C with stirring. The precipitated crystals were filtered and dried at 
90°C under reduced pressure, and overnight. 3.3g of dried crystals were obtained. The crystals had a melting point of 
128 to 131°C and their powder X-ray diffraction pattern and infra-red absorption spectrum indicated that they were of 
25 the B-type. 

Comparative Example A3 

N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine (5g) was dissolved in a mixture of methanol (70mJ) and 
30 water (30ml) at 40°C. The solution was cooled to 5°C with stirring. The precipitated crystals were filtered and dried at 
90°C under reduced pressure overnight. 3.5g of dry crystals were obtained. Once again, the crystals had a melting 
point of 128 to 131 °C. The powder X-ray diffraction pattern and the in1ra-red absorption spectrum were consistent with 
the crystals being B-type. 

35 (B) H-Type Crystals from Suspension 

Example B1 

B-type crystals of N-(trans-4-isopropylcydohexylcarbonyl)-D- phenylalanine (3g) were dispersed in 300ml of water 
40 and stirred at 30°C for 1 day. The crystals were liltered and dried at 90°C under reduced pressure overnight. 2.9g of dry 
crystals were obtained. The powder X-ray diffraction pattern and the infra-red absorption spectrum were recorded and 
indicated that the crystals were of H-type. 

Example B2 

B-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine (4g) were dispersed in a mixture of 
acetone (40ml) and water (60ml) and stirred at 20°C overnight. The crystals were subsequently filtered off and dried at 
9fJ°C under reduced pressure overnight. 3.6g of dry crystals were obtained. Powder X-ray diffraction and infra red 
absorption spectroscopy indicated that the product crystals were of H-type. 

50 

Example B3 

Hydrate of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylaIanine for use in this example was prepared as fol- 
lows. 20g of B-type crystals of N-(trans-4-isopropylcyclohexylcarbony0-D-phenyla!anine were dissolved in a mixture of 
55 ethanol (300ml) and water (200ml) at 30°C. The solution was cooled to 5°C with stirring. The precipitated crystals were 
filtered off and dried at 40°C under reduced pressure for 2 hours. 13.9g of dried crystals resulted. 

4.2g of the hydrate was dispersed in a mixture of ethanol (30ml) and water (70ml) and stirred at 45°C overnight. 
The crystals were filtered off and dried at 90°C under reduced pressure overnight. 3.8g of dried crystals were obtained. 
These were found to be of the H-type by powder X-ray diffraction and infra red spectroscopy. 
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Example B4 

4.2g of the hydrate of N-(trans-4-isopropylcydohexytoarbonyl)-D-phenylalanine prepared as in example B3 was 
dispersed in a mixture of ethanol (30ml) and water (70ml). 40mg of H-type crystals were added and the dispersion was 
5 stirred at 4S°C for 1 hour. The crystals were filtered off and dried at 90°C under reduced pressure overnight 3.9g of dry 
crystals were obtained. These were found to be of the H-type by X-ray diffraction and infra red absorption spectroscopy. 

Example B$ 

10 B-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine (5g) were dispersed in a mixture of iso- 
propanol (25ml) and water (75ml) and stirred at 50°C for 10 hours. The resulting crystals were filtered off and dried at 
90*0 under reduced pressure overnight. 4.4g of dry crystals were obtained. These were found to be of the H-type by 
X-ray diffraction and infra red spectroscopy. 

15 Comparative Example B1 

4g of B-type crystals of N-(trans-4-isopropylcyclohexylcarborryl)-D-phenylalanine were dispersed in a mixture of 
acetone (40ml) and water (60ml) and stirred at 5°C overnight. The crystals were filtered off and dried at 90°C under 
reduced pressure overnight 3.6g of dry crystals were obtained. The powder X-ray diffraction pattern and the infra red 
20 absorption spectrum were measured and the crystals were found to be of B-type. 

(C) Stability to Grinding 

In order to demonstrate the stability of H-type crystals to grinding the following experiment was carried out. 

25 H-type crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D -phenylalanine and the previously known B-type crys- 
tals were each mechanically ground in a grinder, and the X-ray diffraction pattern of each powder was measured and 
compared with the spectrum before grinding. No change was observed in the H-type crystals before and after grinding 
but changes were observed in the diffraction pattern of the B-type crystals. 

Similarly, the differential scanning calorimeter (DSC) trace tor each of the H- type, and B-type crystals was meas- 

30 ured before and after grinding. Fig 5a shows the DSC trace of B-type crystals before grinding. The crystals show a 
sharp melting point at around 130°C. The DSC trace of H-type crystals belore grinding is shown in Fig 5b. These crys- 
tals also demonstrated a sharp melting point at around 1 40°C. The DSC trace of the H-type crystals was unchanged by 
grinding. By contrast, the trace shown in Fig 5c for B-type crystals after grinding differs from the trace obtained before 
grinding and new troughs are visible in the trace. 

35 

Claims 

Claims for the following Contracting States : AT, CH f DE, DK, FR, GB, IT, LI, LU, NL, SE 

40 1. A method for the production of crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D -phenylalanine comprising 
treating N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine with a solvent at a temperature of at least 10°C 
and forming said crystals in said solvent at a temperature of at least 10°C. 

2. A method according to claim 1 wherein N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is dissolved in the 
45 solvent at a temperature of at least 10°C to form a solution and crystals are then crystallised from the solution at a 

temperature of at least 10°C. 

3. A method according to claim 2 wherein crystallisation from solution is effected by reducing the temperature of the 
solution to a temperature of at least 10°C. 

50 

4. A method according to claim 2 wherein the crystallisation from solution is effected at a temperature of at least 1 0°C 
by adding to the solution a further solvent selected such that the solubility of said N-(trans-4Hsopropylcyck>hexyl- 
carbonyl)-D-phenylalanine in the mixture of the solvent and further solvent is less than in the solvent, the solubility 
being reduced to an extent such that crystals form in the mixed solvent at a temperature in excess of 10°C. 

55 

5. A method according to claim 1 wherein N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is combined at a 
temperature of at least 10°C with a solvent in which it is incompletely soluble at that temperature to form a suspen- 
sion of solid N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine, and said suspension is maintained at a tem- 
perature of at least 10°C, thereby to form said crystals from said solids. 
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6. A method according to any one of the preceding claims further comprising separating said crystals Irom the solvent 
at a temperature in excess of 10°C. 

7. Crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine as obtainable by the method of any one of the 
preceding claims. 

8. Crystals ol N-(trans-4-isopropyl(^dohexylcarbonyl)-r>pheriylalanine having at least one of the following proper- 
ties: 

(a) a melting point in the range of 136-142°C; 

(b) a powder X-ray diffraction pattern with reflection maxima at 28 of about 8. r, 13.1°, 19.6* and 19.9°; 

(c) an infra red absorption spectrum with absorption bands in the region of 1714, 1649, 1542 and 1214cm" 1 . 

9. Crystals of lSHtrans-4-isopropylcyclohexylcarbQnyl)^ accorcfing to claim 8 having all three of the 
properties (a), (b) and (c). 

10. Crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine having an X-ray powder diffraction pattern 
substantially as shown in Fig 3 and/or an infra red spectrum substantially as shown in Fig 4. 

11. A pharmaceutical composition comprising crystals according to anyone of claims 7 to 10 and a pharmaceutically 
acceptable excipient, diluent or carrier. 

12. Crystals according to any one of claims 7 to 10 for pharmaceutical use. 

1 3. Use of the crystals of any one of claims 7 to 1 0 in the manufacture of a medicament for reducing Wood glucose lev- 
els in a mammal. 

14. Crystals according to any one of claims 7 to 10 in the substantial absence of solvent. 
Claims for the following Contracting State : ES 

1. A method for the production of crystals of N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine comprising 
treating N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine with a solvent at a temperature of at least 10°C 
and forming said crystals in said solvent at a temperature of at least 10°C. 

2. A method according to claim 1 wherein N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine is dissolved in the 
solvent at a temperature of at least 1 0°O to form a solution and crystals are then crystallised from the solution at a 
temperature of at least 10°C. 

3. A method according to claim 2 wherein crystallisation from solution is effected by reducing the temperature of the 
solution to a temperature of at least 10°C. 

4. A method according to claim 2 wherein the crystallisation from solution is effected at a temperature of at least 1 0°C 
by adding to the solution a further solvent selected such that the solubility of said N-(trans-4-isopropylcyclohexyl- 
carbonyl)-D-phenylalanine in the mixture of the solvent and further solvent is less than in the solvent the solubility 
being reduced to an extent such that crystals form in the mixed solvent at a temperature in excess of 1 0°C. 

5. A method according to claim 1 wherein N-(trans-4-isopropylcyck>hexylcarbonyl)-D-phenylalanine is combined at a 
temperature of at least 1 0°C with a solvent in which it is incompletely soluble at that temperature to form a suspen- 
sion of solid N-(trans-4-isopropylcyclohexylcarbonyl )-D-phenylalanine, and said suspension is maintained at a 
temperature of at least 10°C, thereby to form said crystals from said solids. 

6. A method according to any one of the preceding claims further comprising separating said crystals from the solvent 
at a temperature in excess of 10°C. 

7. A method according to any one of claims 1 to 6 wherein product crystals contain an enhanced proportion, relative 
to the starting N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine. of crystals of N-(trans-4-isopropylcy- 
clohexylcarbonyl)-D-phenylalanine having at least one of the following properties: 
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(a) a melting point in the range of 136-142°C; 

(b) a powder X-ray diffraction pattern with reflection maxima at 26 of about 8.1°, 13.1°, 19.6° and 19.9°; 

(c) an infra red absorption spectrum with absorption bands in the region of 1 71 4, 1649, 1542 and 1214cm -1 . 

5 8. A method according to claim 7 wherein product crystals have an enhanced proportion of crystals having all three 
of the properties (a), (b) and (c). 

9. A method according to any one of the preceding claims wherein the product crystals of N-(trans-4-isopropylcy- 
dohexytearbonyl)-D-phenyla!anine have an X-ray powder diffraction pattern substantially as shown in Fig 3 and/or 

10 an infra red spectrum substantially as shown in Fig 4. 

10. A method for the production of a pharmaceutical composition comprising admixing crystals as produced by the 
method of any one of claims 1 to 9 and a pharmaceutically acceptable excipient, diluent or carrier. 

is 11. Use of crystals as obtainable by the method of any one of Claims 1 to 9 in the manufacture of a medicament for the 
reduction of blood glucose in a mammal. 

Patentansp ruche 

20 Patentanspruche fur folgende Vertragsstaaten : AT, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Verfahren zur Herslellung von Kristallen von N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin, welches das 
Behandeln von N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin mit einem Losungsmittel bei einer Tempe- 
ratur von mindestens 1 0°C und Ausbilden der Kristalle in dem Losungsmittel bei einer Temperatur von mindestens 

25 10°CumfaGt. 

2. Verfahren nach Anspruch 1 , bei dem N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin in dem Losungsmit- 
tel bei einer Temperatur von mindestens 1 0 C 0 unter Bildung einer Losung gelost wird und danach Kristalle aus der 
LOsung bei einer Temperatur von mindestens 10*0 auskristallisiert werden. 

30 

3. Verfahren nach Anspruch 2, bei dem die Kristallisation aus der LOsung durch Erniedrigen der Temperatur der 
Lesung auf eine Temperatur von mindestens 1 0°C durchgefuhrt wird. 

4. Verfahren nach Anspruch 2, bei dem die Kristallisation aus der LGsung bei einer Temperatur von mindestens 10°C 
35 durchgefuhrt wird, indem der LOsung ein weiteres LGsungsmrttel zugesetzt wird, das so ausgewahlt ist, daB die 

LOslichkeit des N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanins in dem Gemisch aus dem Losungsmittel 
und dem weiteren Losungsmittel geringer ist als in dem Losungsmittel, wobei die L5slichkeit soweit vermindert 
wird, dan in dem MischlOsungsmittel sich Kristalle bei einer Temperatur von mehr als 10 C C bilden. 

40 5. Verfahren nach Anspruch 1 , bei dem N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin bei einer Temperatur 
von mindestens 10°C mit einem Losungsmittel kombiniert wird, in welchem es bei dieser Temperatur unvollstandig 
loslich ist, so da6 eine Suspension von festem N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin gebildet 
wird und die Suspension bei einer Temperatur von mindestens 10°C gehalten wird, wobei Kristalle aus dem Fest- 
stoff gebildet werden. 

45 

6. Verfahren nach einem der vorhergehenden Patentanspruche, welches weiterhin das Abtrennen der Kristalle aus 
dem Losungsmittel bei einer Temperatur von mehr als 10°C umfaGt. 

7. Kristalle von N-(trans-4-lsopropylcydohexyicarbonyl)-D-phenylalanin, erhaltlich durch das Verfahren nach einem 
so der vorhergehenden Patentanspruche. 

8. Kristalle von N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin, die mindestens eine der nachfolgenden 
Eigenschaften aufweisen: 

66 (a) einen Schmelzpunkt im Bereich von 136 bis 142°C, 

(b) ein Pulver-R5ntgenbeugungsmuster mit Reflexionsmaxima bei 20 von etwa 8,1°, 13,1°, 19,6° und 19,9°, 

(c) ein Infrarotabsorptionsspektrum mit Absorptionsbanden im Bereich von 1714, 1649, 1542 und 1214 cm" 1 . 

9. Kristalle von N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin gemaG Anspruch 8, die alle der drei Eigen- 
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schaften (a), (b) und (c) airfweisen. 

10. Kristalle von NI-(1rans^4-lMpropylcyclohexylcarbony!)-D-phenyfalanin mit einem Pulver-Rdntgenbeugungsspek- 
trum im wesenllichen wie in Fig. 3 gezeigt und/oder einem Infrarotspektrum im wesentlichen wie in Fig. 4 gezeigt. 

5 

11. Arzneimittelzusammensetzung, enthattend Kristalle nach einem der AnsprOche 7 bis 10 und ein pharmazeutisch 
geeignetes Streckmittel, Verdunnungsmittel Oder Tragermalerial. 

12. Kristalle nach einem der AnsprQche 7 bis 10 zur pharmazeutischen Verwendung. 

w 

1 3. Verwendung der Kristalle nach einem der AnsprOche 7 bis 10 zur Herslellung eines Arzneimittels zur Senkung des 
Blutglucosespiegels in einem Sauger. 

14. Kristalle nach einem der AnsprQche 7 bis 10 in der praktischen Abwesenheit von LOsungsmitteln. 

15 

Patentanspruche fur folgenden Vertragsstaat : ES 

1 . Verfahren zur Herstellung von Kristallen von r^(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin, welches das 
Behandeln von N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin mit einem LOsungsmittel bei einer Tempe- 

20 ratur von mindestens 10°C und Ausbilden der Kristalle in dem L6sungsmi1tel bei einer Temperatur von mindestens 
10°CumfaBt. 

2. Verfahren nach Anspruch 1 , bei dem N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanin in dem Losungsmit- 
tel bei einer Temperatur von mindestens 1 0*C unter Bildung einer LOsung gelOst wird und danach Kristalle aus der 

25 LOsung bei einer Temperatur von mindestens 1 0°C auskristallisiert werden. 

3. Verfahren nach Anspruch 2, bei dem die Kri stall isation aus der LOsung durch Erniedrigen der Temperatur der 
LOsung auf eine Temperatur von mindestens 10°C durchgefuhrt wird. 

30 4. Verfahren nach Anspruch 2, bei dem die Kristall isation aus der LOsung bei einer Temperatur von mindestens 1 0°C 
durchgefuhrt wind, indem der LOsung ein weiteres LOsungsmittel zugesetzt wird. das so ausgewflhH ist, daB die 
LOslichkert des N-(trans-4-lsopropylcyclohexylcarbonyl)-D-phenylalanins in dem Gemisch aus dem LOsungsmittel 
und dem weiteren LOsungsmittel geringer ist als in dem LOsungsmittel, wobei die LOslichkeit soweit vermindert 
wird, daB in dem Mischlosungsmittel sich Kristalle bei einer Temperatur von mehr als 10°C bikien. 

35 

5. Verfahren nach Anspruch 1 , bei dem N-(trans-4-lsopropy!cyclohexylcarbonyl)-D-phenylalanin bei einer Temperatur 
von mindestens 10°C mit einem LOsungsmittel kombiniert wird, in welchem es bei dieser Temperatur unvollst&ndig 
lOslich ist, so daB eine Suspension von festem N-(trans-4Hscpropylcyclohexylcarbonyl)-D-phenylalanin gebildet 
wird und die Suspension bei einer Temperatur von mindestens 10°C gehalten wird, wobei Kristalle aus dem Fest- 

40 stoff gd^ildet werden. 

6. Verfahren nach einem der vorhergehenden Patentanspruche, welches weHerhin das Abtrennen der Kristalle aus 
dem LOsungsmittel bei einer Temperatur von mehr als 10°C umfaBt. 

45 7. Verfahren nach einem der AnsprQche 1 bis 6, wobei die als Produkt gebildeten Kristalle einen gegenQber dem als 
Ausgangsmaterial eingesetzten N-(trans-4-lsopropylcycbhexylcarbonyl)-D-phenylalanin erhOhten Anteil an Kri- 
stallen von r^(trans-4-teopropylcyclohexyteato enthalten, die mindestens eine der nachfol- 
genden Eigenschaften aufweisen: 

so (a) einen Schmelzpunkt im Bereich von 136 bis 142°C, 

(b) ein Pulver-ROntgenbeugungsmuster mit Reflexionsmaxima bei 28 von etwa 8,1°, 13,1°, 19,6° und 19,9°, 

(c) ein Infrarotabsorptionsspektrum mit Absorptionsbanden im Bereich von 1714, 1649, 1542 und 1214 cm" 1 . 

8. Verfahren nach Anspruch 7, wobei die als Produkt gebildeten Kristalle einen erhdhten Anteil von Kristallen enthal- 
55 ten, die alle der drei Eigenschaften (a), (b) und (c) aufweisen. 

9. Verfahren nach einem der vorhergehenden Patentanspruche, wobei die als Produkt gebildeten Kristalle von N- 
(trans-4-lsopropylc^ck>hexyl<^bonyl)-D-phenylalanin ein Pulver-ROntgenbeugingsmuster im wesentlichen wie in 
Figur 3 gezeigt und/oder ein Inlrarotabsorptionsspektrum im wesentlichen wie in Figur 4 gezeigt airfweisen. 
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10. Verfahren zur Herstellung einer Arzneimittelzusammensetzung, welches das Vermischen von Kristallen, herge- 
stelll mit Hilfe cles Verfahrens nach einem der Anspruche 1 bis 9, mil einem pharmazeutisch geeigneten Streckmit- 
tel, Verdunnungsmittel Oder Trager materia I umfaGt. 

5 11. Verwendung von Kristallen, die durch das Verfahren nach einem der Anspruche 1 bis 9 erhaitlich sind, zur Herstel- 
lung eines Arzneimittels zum Erniedrigen des Blulglukosespiegels in einem SSuger. 

Revendications 

w Revendications pour les Etats contractants suivants : AT, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Proc6d6 de production de cristaux de N-(trans-4-isopropylcyclohexylcarbonyl)-D-ph6nylalanine comprenant le trai- 
tement de N-(trans-4-isopropylcyclohexylcarbonyl)-D-ph6nylalanine avec un solvant a une temperature d'au moins 
10°C et la formation desdits cristaux dans ledit solvant a une temperature d'au moins 10°C. 

15 

2. Procede selon la revendication 1 , dans lequel on dissout la N-(trans-4Hsopropylcyclohexylcarbonyf)-D-phenylala- 
nine dans le solvant a une temperature d'au moins 10°C pour former une solution, puis on fait cristalliser les cris- 
taux dans la solution a une temperature d'au moins 10°C. 

20 3. Procede selon la revendication 2, dans lequel on effectue la cristallisation dans la solution en abaissant la tempe- 
rature de la solution & une temperature d'au moins 10°C. 

4. Procede selon la revendication 2, dans lequel on effectue la cristallisation dans la solution a une temperature d'au 
moins 10°C en ajoutant & la solution un autre solvant choisi de fa$on que la solubility de ladite N-(trans-4-isopro- 

25 pylcydohexylcarbonyl)-D-phenylalanine dans le melange du solvant et de I'autre solvant soit plus basse que dans 
le solvant, la solubility etant r6duite dans une mesure telle que des cristaux se torment dans le solvant mixte d une 
temperature superieure h 1 0°C. 

5. Proc6d6 selon la revendication 1 , dans lequel on combine la N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylala- 
30 nine, a une temperature d'au moins 10°C, avec un solvant dans lequel elle n'est pas completement soluble a cette 

temperature pour former une suspension de N-(trans-4-isopropylcyclohexylcarbonyl)-D-ph6nylalanine sdide, et on 
maintient ladite suspension h une temperature d'au moins 10 o C, pour former ainsi lesdits cristaux & partir dudit 
solide. 

35 6. Precede selon I'une quelconque des revendications precedentes, qui oomprend en outre la separation desdits cris- 
taux a partir du solvant & une temperature superieure d 1 0°C. 

7. Cristaux de N-(trans-4-isopropylcyclohexyIcarbonyl)-D-phenylalanine, tels qu'ils peuvent etre obtenus par le pro- ' 4 
cede selon Tune quelconque des revendications precedentes. 

40 

8. Cristaux de N-(trans-4-isopropylcyclohexylcafbonyl)-D-ph6nylalanine ayant au moins I'une des propri6t6s suivan- 
tes: 

(a) un point detusion compris entre 136 et 142°C; 
45 (b) un diagramme de ditfraction des rayons X de la poudre ayant des maximums de reflexion 4 20 d'environ 

8,1°; 13,1°; 19,6° et 19,9°. 

(c) un spectre d'absorption infrarouge ayant des bandes d'absorption dans la region de 1714, 1649, 1542 et 
1214 cm* 1 . 

so 9. Cristaux de N-(trans-4-isopropylcyclohexylcarbonyl)-D-ph^iylaIanine selon la revendication 8, ayant les trois pro- 
prietes (a), (b) et (c). 

10. Cristaux de N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine. ayant un diagramme de diffraction des 
rayons Xde la poudre essentiellement similaire a celui presentedans la figure 3 et/ou un spectre infrarouge essen- 

55 tiellement similaire a celui presente dans la figure 4. 

1 1 . Composition pharmaceutique contenant des cristaux selon Tune quelconque des revendications 7 & 10 et un exci- 
pient diluant ou support pharmaceutiquement acceptable. 
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12. Cristaux selon Tune quelconque des revendications 7 a 10, a utiliser en pharmacie. 

13. Utilisation des cristaux selon Tune quelconque des revendications 7 a 10 dans la fabrication d'un mecficament desr 
tine k la reduction des taux de glucose sanguin chez un mammifere. 

5 

14. Cristaux selon I'une quelconque des revendications 7 & 10, essentiellement sans solvant. 

Revendications pour TElat contractant sulvant : ES 

10 1 . Precede de production de cristaux de N-(trans-4-isopropylcyclohexylcarbonyl)-r>ph6nylalanine comprenant le trai- 
tement de N-(trans-4-isopropylcyclohexylcarbonyi)-D-ph6nylalanine avec un solvant k une temperature d'au moins 
10°C et la formation desdrts cristaux dans I edit solvant k une temperature d'au moins 10*0. 

2. Proc6d6 selon la revendication 1 , dans lequel on dissout la N-(trans-4-isopropylcydohexylcarbonyl)-r>ph6nylala- 
15 nine dans le solvant a une temperature d'au moins 10°C pour former une solution, puis on fait cristalliser les cris- 
taux dans la solution a une temperature d'au moins 10°C. 

3. Procede selon la revendication 2, dans lequel on effectue la cristallisation dans la solution en abaissant la tempe- 
rature de la solution k une temperature d'au moins 10°C. 

20 

4. Procede selon la revendication 2, dans lequel on effectue la cristallisation dans la solution k une temperature d'au 
moins irrC en ajoutant k la solution un autre solvant choisi de fagon que la solubility de ladite N-(trans-4-isopro- 
pylcyclohexylcart)onyl)-D-phenylalanine dans le melange du solvant et de I'autre solvant soit plus basse que dans 
le solvant, ia solubility etant reduite dans une mesure telle que des cristaux se ferment dans le solvant mixte k une 

25 temperature superieure a 1 0°C. 

5. Procede selon la revendication 1 , dans lequel on combine la N-(transr4-isopropylcydohexylcarbonyi)-D-phenylala- 
nine, a une temperature d'au moins 10°C, avec un solvant dans lequel elle n'est pas completement soluble a cette 
temperature pour former une suspension de N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine solids, et on 

so maintient ladite suspension h une temperature d'au moins 10°C, pour former ainsi lesdits cristaux a parlir dudit 
solide. 

6. Procede selon Tune quelconque des revendications precedentes, qui comprend en outre la separation desdits cris- 
taux k partir du solvant k une temperature superieure k 1 0°C. 

35 

7. Procede selon I'une quelconque des revendications precedentes, dans lequel les cristaux produits contiennent une 
proportion accrue, par rapport a la N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine de depart, de cristaux 
de N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine ayant au moins Tune des proprietes suivantes: 

40 (a) un point de fusion compris entre 136 et 142°C; 

(b) un diagramme de diffraction des rayons X de la poudre ayant des maximums de reflexion k 20 d'environ 
8,1°; 13,1°; 19,6° et19,9°. 

(c) un spectre d'absorption infrarouge ayant des bandes d'absorption dans la region de 1 714, 1649, 1542 et 
1214 cm" 1 . 

45 

8. Procede selon la revendication 7, dans lequel les cristaux produits ont une proportion accrue de cristaux ayant les 
trois proprietes (a), (b) et (c). 

9. Procede selon I'une quelconque des revendications precedentes, dans lequel les cristaux de N-(trans-4-isopropyl- 
50 cyclohexylcarbonyl)-D-ph6nylalanine produits ont un diagramme de diffraction des rayons X de la poudre essen- 
tiellement similaire k celui presents dans la figure 3 et/ou un spectre infrarouge essentiellement similaire k celui 
presents dans la figure 4. 

10. Procede de production d'une composition pharmaceutique comprenant ie melange de cristaux lets que produits 
ss par le procede selon I'une quelconque des revendications 1 k 9 avec un excipient. un diluant ou un support phar- 

maceutiquement acceptable. 

1 1 . Utilisation de cristaux tels qu'ils peuvent fitre obtenus selon I'une quelconque des revendications 1 k 9 dans la fabri- 
cation d'un medicament destine k la reduction des taux de glucose sanguin chez un mammifere. 
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